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Introduction to Bioinformatics

7. Databases of Genome  
and pathway networks 

Benjamin F. Matthews
United States Department of Agriculture
Soybean Genomics and Improvement 

Laboratory
Beltsville, MD 20708
matthewb@ba.ars.usda.gov

What we will cover today
Identifying the biological function and 
context of a gene
KEGG metabolic database
Pathway analysis
Integrate and interpret molecular work 
within biological context
http://www.genome.ad.jp/kegg/
Single nucleotide polymorphism (SNP) 
identification
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KEGG:Kyoto Encyclopedia 
of Genes and Genomes

Metabolic Database
Linked to other databases

DBGET (database retrieval system)
• http://www.genome.jp/dbget/

GenomeNet
Flat file data
GIF images
Java graphics
3D images

http://www.genome.ad.jp/kegg/
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KEGG:Kyoto Encyclopedia 
of Genes and Genomes

Linked to sequence interpretation 
tools

BLAST
FASTA
MOTIF
CLUSTALW

What is the function of a 
gene or gene product? 

What is its biological 
Context?  
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KEGG:Kyoto Encyclopedia 
of Genes and Genomes
Gene Universe

Genes and gene products
Genomic contexts
Ortolog/paralog relations

Chemical Universe
Chemical compounds
Peptides, carbohydrates
Chemical reactions

Protein network
Metabolic pathways
Regulatory pathways
Networks and complexes
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Results
Four records

Two bifunctional aspartate kinase-homoserine 
dehydrogenases
One aspartate kinase
One aspartate kinase, lysine sensitive

Provides amino acid and DNA sequences
Provides pathway information
Provides other useful links
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Enzyme Nomenclature

http://www.chem.qmul.ac.uk/iubmb
/enzyme/
Nomenclature Committee of the International 
Union of Biochemistry and Molecular Biology 

(NC-IUBMB)

Reactions and pathways

Threonine Biosynthesis
When cursor points to a box further details will be displayed in the status window below. If you click on the box you will change to appropriate reaction scheme or enzyme specification. 

Return to:
enzymes homepage.
aspartate biosynthesis.
isoleucine and valine biosynthesis.
corrin biosynthesis.
EC 1.1.1.3 homoserine dehydrogenase
EC 2.7.1.39 homoserine kinase 
EC 4.2.3.1 threonine synthase 
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Single Nucleotide 
Polymorphism (SNP) 

Discovery

Use of SNPs?

Genetic mapping
Highly abundant markers
Easy to assay

Distinguish plant variety
Variety protection

Phylogenetics
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Single Nucleotide 
Polymorphism

- A working definition  -
Single base changes between 

homologous  DNA fragments

Small insertions and deletions (indels)
..GAATCTTATTATCTATACTATACATAATTATATACTAAT-GGGTATTGTTCTTAT
..CTTAGAATAATAGATATGATATGTATTAATATATGATTA-CCCATAACAAGAATA

..GAATCTTATTATCTATGCTATACATAATTATATACTAATAGGGTATTGTTCTTAT

..CTTAGAATAATAGATACGATATGTATTAATATATGATTATCCCATAACAAGAATA

1

2

SNP SNP (Indel)

Genetic variation
Can be alleles of genes
also differences in non-coding regions 
collected from genome sequencing of 
different individuals
dbSNP at the NCBI - all public SNP data
SNP Consortium at CSHL - high quality 
set

SNPs 
(Single Nucleotide 
Polymorphisms)
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1. Design PCR primers to existing sequence: Complete genes, ESTs, 
BAC-ends, BAC-subclones, SSR flanking regions, etc.  

2.   Identify sequence tagged sites (STSs) visually (agarose gel) and
by sequence analysis

3.   Amplify the homologous sequence from a panel of diverse 
genotypes

4.   Determine sequence quality (PHRED) and align sequence traces 
(PHRAP) from the diverse genotypes 

5.   Analyze assemblies with SNP discovery software such as 
PolyBayes for SNP discovery in redundant sequence

6.   Analyze haplotype variation and database 

SNP Marker Discovery

SNP 

Discovery of SNPs in aligned DNA sequence data using PolyBayes in the Consed 
viewer.

SNP Discovery software 



21

Verify SNPs in Sequence Alignment (Consed viewer) 

SNP

1. Consensus sequence is created from the Phrap alignment 
after trimming of bases with Phred score < 25 from each 
end of sequence.

2. The position of each single base change or insertion/deletion 
(indel) is indicated in the consensus sequence e.g. Single 
base changes: A/T or G/A and indels: T/- or TCGG/-

3. The “haplotypes” that are present in the fragment is 
determined and  the haplotype of each genotype is 
determined and placed in the database.  The haplotype is 
the linear, ordered arrangement of SNP alleles on a 
chromosome or DNA fragment.

4. Sequence data are placed in the database in a format that 
allows direct submission to dbSNP, the National Center for 
Biotechnology Information database for SNP data from all 
species. 

Data from Consed to SNP 
Database
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Relational Database 
Structure

1. Source File:
a.  Information relating to the source of the sequence
b.  BARC sequence ID
c. PCR primer sequences
d. optimal PCR conditions
e. person submitting information

2. SNP File:
a.  Data for each individual SNP
b.  BARC sequence ID
c. consensus sequence derived from the alignment of 
alternative

genotypes, 
d. sequence to the 5’ side of the SNP
e. the alternative SNP alleles
f. the sequence to the 3’ side of the SNP

The Source File
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The SNP File

Relational Database 
Structure

3. Genotype File:
a.  BARC sequence ID 
b.  SNP name
c. the SNP position in the consensus sequence
d. SNP allele present in each genotype

4. Haplotype File: (One record for each haplotype for a sequence ID) 
a.  BARC sequence ID
b.  haplotype ID 
c. SNP position(s) in the consensus sequence
d. the genotype(s) with the haplotype
e. the complete sequence of the haplotype
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The Haplotype File

The Genotype File
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Existing 
SSR and 
RFLP 
markers

Newly 
mapped 
SNPs

Positions of 455 SNPs Mapped on the 20 Linkage Groups of the Soybean 
Genetic Linkage Map

What we covered today

KEGG Metabolic database
Pathway analysis
Integrate and interpret molecular 
work within biological context
http://www.genome.ad.jp/kegg/
Single nucleotide polymorphism 
(SNP) identification


